APPENDIX

MODIFICATIONS TO MODBRANCH INPUT FILES
AND SOURCE CODE




Only asmall alteration of the MODBRANCH input file format is necessary for use of the version of the
model modified to use the reach-transmissivity |eakage relationship. The additional input data required consist of
athird line of initial condition datafor each channel segment; this new line follows the existing two lines. The

input format for thisthird lineis:

Data  — LSTRV LSTRM LSTRM LLK RSTRM RSTRM RSTRM RLK
(1, MAXS) (2, MAXS) (3, MAXS) (MAXS) (1, MAXS) (2, MAXS) (3, MAXS) (MAXS)
Format — |3 13 13 F10. 4 13 13 13 F10. 4

These variables have the following definitions, in which left and right sides of the channel are defined when facing

in the direction of flow:

LSTRM (1, MAXS) — Layer number of model cell from which left side ground-water reference head is obtained for
this channel segement

LSTRM (2, MAXS) — Row number of model cell from which left side ground-water reference head is obtained for
this channel segment

LSTRM (3, MAXS) —  Column number of model cell from which |eft side ground-water reference head is obtained for
this channel segment

LLK (MAXS) — Reach-transmissivity |eakage coefficient for left side of channel segement

RSTRM (1, MAXS) — Layer number of model cell from which right side ground-water reference head is obtained for

this channel segment

RSTRM (2, MAXS) — Row number of model cell from which right side ground-water reference head is obtained for
this channel segment

RSTRM (3, MAXS) —  Column number of model cell from which right side ground-water reference head is obtained
for this channel segment

RLK (MAXS) — Reach-transmissivity leakage coefficient for right side of channel segment

Theincorporation of the reach-transmissivity relationship into MODBRANCH required modification of sev-
eral of the program’s subroutines; al of these subroutines were part of the BRANCH' (Swain and Wexler, 1996)
source code. The modified versions of the subroutines are presented on the subsequent pages. Alterations from the
original version appear in bold type. Lines of code that have been replaced appear in strikethrough.

The subroutine BRICXS reads the initial conditions and vertical flow |eakage coefficients of the surface-
water channel. An additional read statement was added to allow input of the reach-transmissivity |eakage coeffi-

cients and specification of the model cells from which the reference ground-water heads are obtained.
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SUBRQUTI NE BRI CXS

C

*

TH' 'S SUBROUTI NE READS I N THE I NI TI AL CONDI TI ON AND GEQVETRY
RECORDS

C*************************'k*-k**********************************************

c Mdified to include reach transmissivity relationship paraneters

C*************************'k*-k**********************************************

*

| NCLUDE
| NCLUDE
I NCLUDE
I NCLUDE
I NCLUDE
| NCLUDE
| NCLUDE
I NCLUDE
I NCLUDE
| NCLUDE
| NCLUDE
| NCLUDE
I NCLUDE
I NCLUDE
| NCLUDE

CHARACTER* 10 zij chr,
CHARACTER nsg* 90,
| NTEGER i,
REAL qij,

" di mens.
'conton.
" ununs.
" dt conp.
"Xsinit.
" Xsi chr.

cmm’
cmm’
cm’
cm’
cm’
cmm’

'geom cm’

br anch.
" branam
" dtypes.

ceta.cmm’

cm’
cm’
cm’

units.cmm’

"l ogi cs.
"limts.
"vol com

ns,

cm’
cm’
cm’

cdny* 4,

1 I I
cdatum stgl,

EXTERNAL CHKSTA, SETABL1,

REAL ABS

| NTRI NSI C ABS
DATA tenbl k/’

Error =
Xskt (1)
Tabet a
Nf vxs =

. FALSE.
= MAXS

"

MAXS. EQ MXTFXS

0

DO 50 i = 1, Nbch

] =0

READ (Luinit, 9015, END=100, ERR=110)
), lifen(i),
), Pltbch(i),

&
&

IF (1jf(i).LT.1
WRI TE (nsg, 9070)

Br nane(i
Ppl t bh(i

GOTO 140

ENDI F

.OR
’F”

gij chr,

nxs

(i),

t enbl k
fvflg*2
nd,
st g2
ERRSCR, ERRPAR, ERRPRT, ERRLIN, GETCHR

ljten(i),

Prtxsg(i)
[jf(i).GTI.N nc) THEN
" SOURCE'

Hfi),

Prtbch(i),

(i),

, N nc

Nsec(i),

Prtsun(i),
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IF (1jt(i).LT.1 .OR 1jt(i).GT.N nc) THEN

WRI TE (msg, 9070) ' T, ljt(i), ' QUTLET, i, N nc
GOro 140

ENDI F

WRI TE (*,9005) i, Ijf(i), Ijt(i), Brname(i)

IF (i.Gl.1) Xskt(i) = Xskt(i-1) - Nsec(i-1)

ns = Nsec(i)

i) = MAXS - Xskt (i)
DO 40 j =1, ns
ij =ij +1
IF (ij.GT. MAXS) THEN
nxs = MAXS - Xskt(i) + ns
CALL ERRPAR(1, nxs, 2, MAXS, " MAXS ',

& " NUMBER OF CROSS SECTI ONS | NPUT EXCEEDS
MAXI MUM )
ENDI F
IF (j.EQns) THEN
Dx(ij) = 0.0
READ (Lui nit, 9030, END=90, ERR=120) Z(ij), Qij), Rho(ij),
& zijchr, qijchr
ELSE
READ ( Lui nit, 9020, END=90, ERR=120) Z(ij), Qij), Rho(ij),
& Dx(ij), T(ij), (Rn(k,ij),k=1,3), zijchr, qijchr

| F (ABS(Dx(ij)).LT.SMLVL) Dx(ij) = 0.00001
Rn4(ij) = Rn(1,ij)
IF (ABS(T(ij)).LT.SM.VL) T(ij) = H2otnp
ENDI F
C
C---ASSI GN SMALL | NI TI AL- CONDI TI ON STAGE AND DI SCHARGE VALUES | N
C - - PLACE OF ZERO VALUES FOR SUBSEQUENT ASSI GNVENT OF UNSPECI FI ED
C---1NITIAL CONDI TI ONS
IF (ABS(Z(ij)).LT.SM.VL . AND. zijchr.NE tenblk) Z(ij) =

0. 0001
IF (ABS(Qij)).LT.SMLVL . AND. qijchr.NE tenblk) Qij) =
0.01
IF (ABS(Qij)).GrI.SM.VL) THEN
gij = ABS(Qij)*0.005)
IF (Qol.Gl.gij) Qol = qij
ENDI F
READ ( Lui nit, 9025, END=90, ERR=120) Oient(ij), Betvel (ij),
& Qat(ij), Uat(ij)
I F (I nodfw NE. O) THEN
READ (Lui nit, 9060, END=90, ERR=120) Istrn(3,ij),
Istrm(2,ij),
& Istrm(1,ij), Ak(ij), Zbot(ij)

IF (Istrm3,ij).LT.0) Lstruc = .TRUE
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c***Read reach transm ssivity paraneters
READ (Lui nit, 9061, END=90, ERR=120) Lstrm(3,ij),Lstrn(2,ij)
& Lstrm(1,ij),LIk(ij),Rstrm(3,ij),Rstrm(2,ij),
& Rstrm(1,ij),R Kk(ij)

ENDI F
IF (Rho(ij).LE. 0.0) Rho(ij) = H2oden
IF (Betvel (ij).LT.212.0 .AND. Istrm(3,ij).GE 0) Betvel (ij)
& = d beta
C
C- - - READ GEOVETRY RECORDS
READ (Lugeom 9035, END=70, ERR=80) Ipt(ij), Xstatn(ij),
& Gdatun(ij), fvflg, (ltypeo(k,ij), k=1, 4)
CALL CHKSTA(Xstatn(ij))
IF (fvflg.EQ'FV .OR fvflg.EQ ' fv') THEN
Nf vxs = Nfvxs + 1
Ijvol (Nfvxs) = ij
Fvol (Nfvxs) = 0.0
I stapr (Nfvxs) = Xstatn(ij)
ENDI F
C
C- - - CHECK STATI ON NUVBER AND DATA TYPES SPECI FI ED FOR TDDB OQUTPUT
IF (G tddb) THEN
I F (Xstatn(ij)(15:16).EQ I bl k) THEN
IF (ltypeo(1,ij).EQIDblk .AND. Itypeo(2,ij).EQ IDblk
. AND.
& Itypeo(3,ij).EQIblk .AND. Itypeo(4,ij).EQ IblKk)
& G&Oro 20
Error = . TRUE
nmsg = ' | NVALI D STATI ON NUMBER (' // Xstatn(ij)
& /1) SPECI FI ED
CALL ERRSCR(O,i,], nsg)
ENDI F
DO 10 k 1, 4
Dt ype Itypeo(k,ij)
IF (Dtype. NE. I bl k . AND. Dtype. NE. Qype . AND.
& Dtype. NE. Zt ype . AND. Dtype. NE. At ype . AND.
& Dt ype. NE. Bt ype) THEN
Error = . TRUE
msg = ' | NVALI D DATA TYPE (' //Dtype//’) SPECI FI ED
CALL ERRSCR(O,i,]j, nsg)
ENDI F
10 CONTI NUE
ENDI F
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C
C--INTIALI ZE FI RST FORWARD VALUES

20 Zp(ij) = Z(ij)
Q(ij) = Aij)
nd = Ipt(ij)

cdat um = Gdat un{(ij)
|F (nd.LT.2 .OR nd. GT. MXPT) THEN
VWRI TE (nsg, 9050) i, |
CALL ERRPAR(1, nd, 2, MXPT,’ MXPT ', nsQ)
ENDI F
| F (Tabeta) THEN
READ ( Lugeom 9040, END=70, ERR=80)

& (Za(k,ij),Aa(k,ij),Bb(k,ij),Bs(k,ij),W(k,ij),
& Eta(k,ij),Q(k,ij), Ta(k,ij), k=1, nd)
ELSE
READ (Lugeom 9045, END=70, ERR=80)
& (Za(k,ij),Aa(k,ij),Bb(k,ij),Bs(k,ij),W(k,ij),k=
1, nd)
ENDI F

stgl = Za(1,ij))
Storar(1,ij) = 0.0
DO 25 k = 2, nd
stg2 = Za(k,ij)
Storar(k,ij) = Storar(k-1,ij) +
& 0.5*(Bs(k,ij)+Bs(k-1,ij))*(stg2-stgl)
stgl = stg2
25 CONTI NUE
| F (W(nd,ij).GrI.SMLVL) THEN
Rrflg(ij) = .TRUE
IF (W(nd,ij).LT.0.1) THEN
WRI TE (Printr,9065) i, |
VWRI TE (*, 9065) i, |

CALL CETCHR
& (" Enter a carriage return to continue or "Q to
quit’, cdny)
ENDI F
ELSE
Rrflg(ij) = .FALSE
ENDI F
IF (j.Gl.1 .AND. (Rrflg(ij).AND..NOT.Rrflg(ij-1).0R
& .NOT.Rrflg(ij).AND.Rrflg(ij-1))) THEN
neg =
& CANNOT M X USE OF HYDRAULI C RADI US AND HYDRAULI C DEPTH W THIN A
B
&RANCH. ’
GOro 130
ENDI F
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Zbot (i) Zbot (ij) + cdatum
Za(1,1j)) Za(1l,ij) + cdatum
DO 30 k = 2, nd
Za(k,ij) = Za(k,ij) + cdatum
IF (Za(k-1,ij).CGE Za(k,ij)) THEN
VWRI TE (nsg, 9055) Za(k-1,ij), Za(k,ij)

GOro 130
ENDI F
30 CONTI NUE
IF (Typeta.NE. 1 . AND. Tabeta . AND. ABS(Eta(1,ij)).GI.SM.VL)
& THEN
IF (ABS(Eta(l,ij)).Gr.1.0) WRITE (Printr,9010) i, ]
CALL SETAB1(ij)
ENDI F
IF (Za(1,ij).LT.Ztmn) Ztmn = Za(1,i]j)
IF (Za(nd,ij).GI. Ztmax) Ztmax = Za(nd,ij)
C
C- - - CHECK CONSTANT ETA SPECI FI ED AND ASSI GN GLOBAL DEFAULT | F G VEN
IF (j.NE ns) THEN
IF (.NOT. (Typeta.NE.1 .OR ABS(Rn4(ij)).GI. SM.VL . OR
& (Tabeta . AND. ABS(Eta(1,ij)).GI.SM.VL))) THEN
IF (ABS(G@eta).LT. SM.VL) CALL ERRSCR(1,i,]j,
& ' CONSTANT ETA | NDI CATED, BUT NO GLOBAL OR LOCAL VALUE
SPECI FI ED )

40
50

60

70

80

Rn4(ij) = Geta
ENDI F
ENDI F
CONTI NUE
CONTI NUE
IF (Error) STOP
DO 60 k =1, ij
Sunet a( k)
Suntzq(k)
Sczqsq( k)
Szqget a( k)
I ndxs(k) = 2
CONTI NUE
Dtype = Ztype
Zdatum = (Ztmax+Ztmn)*0.5
I|F (ABS(Qol -BI GPOS) . LT. 0. 00005) Qol = 1.0
IF (Qtol.LT.SM.VL) tol = Qol

nonon
Cooo
cooo

WRITE (*,"(/,A)’) ' Initial-condition and geonetry read end!’
RETURN

msg = ' END- OF- FI LE READI NG GEOVETRY RECORDS'

GOrO 130

meg = ' | MPROPER FORVAT READI NG GEOVETRY RECORDS'

GOTO 130
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90 neg = 'END- OF- FI LE READI NG | NI TI AL CONDI TI ONS’

GOTO 130

100 msg = ’ END- OF- FI LE READI NG BRANCH | DENTI FI CATI ON RECORD
GOTO 130

110 msg = ' | MPROPER FORMAT READI NG BRANCH | DENTI FI CATI ON RECORD
GOTO 130

120 msg = ’ | MPROPER FORMAT READI NG | NI TI AL CONDI TI ON RECORDS

130 CALL ERRSCR(1,i,j, msg)

140 CALL ERRPRT(nsg)
WRI TE (msg,’ (A 13)’) ’ MIST BE GREATER THAN ZERO AND LESS THAN ,

& Nj nc+1
CALL ERRLI N(msg)
STOP
C
9005 FORMAT (' BRANCH , 13, FROMJUNCTION ,13,’” TO,13," : ', Ad0O)

9010 FORMAT (/,
& *WARNI NG* POSSI BLE ERROR | NVOLVI NG USE OF TABULAR ETA, ETA
VALUE
& > 1.0 FOUND.',/, 11X, FOR BRANCH ,13,’ SECTION, I3,
& ETA VALUES SHOULD BE I N COLUWNS 51-60.°,/, 11X,
& NOTE, THE TABULAR ETA FI ELD WAS REASSI GNED FOR MODEL
VERSI ONS' | /,
&11X,’ AFTER 09/ 26/ 95.")
9015 FORMAT (3l 2, A40, 27X, 71 1)
9020 FORMAT (2F10. 3, F10. 4, 2F10. 2, 3E10. 4, T1, 2A10)
9025 FORMAT (2F10. 3, 2F10. 4)
9030 FORMAT (2F10. 3, F10. 4, T1, 2A10)
9035 FORMAT (12, 1X, A16, 44X, F7. 3, 5A2)
9040 FORMAT (5F10. 3, E10. 4, 2F10. 3)
9045 FORMAT (5F10. 3)
9050 FORMAT (’ NUMBER OF DATA POl NTS FOR CROSS SECTION ,12,’, BRANCH ,

& | 3,” EXCEEDS MAXI MUM )
9055 FORVAT (' DUPLI CATE OR QUT- OF- RANGE STAGES | N GEOVETRY TABLE, ',
& F8.3,’ >=", F8. 3)

9060 FORVAT (313, 2F10. 4)
9061 format (3i3,f10.4,3i3,f10.4)
9065 FORMVAT (/,
& *WARNI NG POSSI BLE ERROR ON GEOVETRY RECORDS, WETTED PERI METER

& 0.1 FOUND.",/,11X,’ FOR BRANCH ,13,” SECTION , | 3,

& WETTED PERI METER | S READ FROM COLUWMNS' | /, 11X,

& 41-50 AND ETA VALUES FROM COLUWNS 51-60. NOTE, | NPUT OF
VETTED ,

&, 11X,

& PERI METER WAS ADDED AND THE TABULAR ETA FI ELD MOVED FOR MODEL’

& /,11X,’ VERSI ONS AFTER 09/ 26/95." ,/)
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9070 FORVAT (' 1 NVALI D JUNCTI ON NUMBER (1J',A1,’ =,13,

& ") SPECIFIED FOR ', A6, OF POSITI VE FLOW FOR
BRANCH , | 3, /,
& " MUST BE GREATER THAN ZERO AND LESS THAN , | 3)
END

The subroutines LEAKVL, AQFRHD, and AQRHEAD were modified to include additional vari-
ablesrequired for the matrix BRANCH’ uses to solve the finite-difference equations.

SUBROUTI NE LEAKVL( NCOL, NROW NLAY, HNEW HOLD, | BOUND, KKI TER)
| NTEGER NCOL, NLAY, NROW
DOUBLE PRECI SI ON HNEW NCOL, NROW NLAY)
REAL HOLD( NCOL, NROW NLAY)
| NTEGER | BOUND( NCOL, NROW NLAY)
INTEGER itrial, itria2, itria3, KKITER
| NCLUDE '’ di mens. cnrm’
| NCLUDE ' branch. crm’
| NCLUDE ' conton.cm’
| NCLUDE ' xsinit.cm’
I NCLUDE ' dt conp. cnm’
| NCLUDE ' nobdbrn. cnrm’

REAL onechi
INTEGER i, j, nsmil, ij, ijfi, ijpl, ijti, nodl, nod2, nod3
EXTERNAL AQFRHD, AQRHEAD, AQRDRY
| NTEGER MOD
| NTRI NSI C MOD
C
onechi = (1.0-Chi)*0.5
C
Cl14A- - THE NEW AND OLD AQUI FER HEADS ARE USED TO | NTERPOLATE THE
C HEAD AT THE PRESENT BRANCH TI MESTEP (HAQ FOR CALCULATI NG
C THE TOTAL VOLUME OF LEAKAGE.
C

DO 20 i = 1, Nbch
nsnml = Nsec(i) - 1
ij = MAXS - Xskt (i)
ijfi = MAXS + |jf(i)

ijpl =ij +1

Qsum(ijfi) = Qsum(ijfi) - Qf(ijpl)/Ntsaq
DO 10 j = 1, nsnl

ij =ij +1

ijpl =ij + 1

IF (Istrm(3,ij).LT.0) GOTO 10
CALL AQFRHD(i j , NCOL, NROA NLAY, HNEW HOLD, | BOUND)
CALL AQRDRY(ij)
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* % * % 1 R R R I I S I R I b S S I S
C A d Q sum cal cul ati on****x**xkxkkxkkx

C*****I\Iew q Sum Cal CU| at | On***~k~k~k~k~k~k~k~k~k~k~k~k*************************
Qsun(ij) = Qsun(ij)
+ (Chi * (R kppl*(Zp(ijpl)-Ragppl)
+RI kp* (Zp(i])-Ragp))
+onechi *( R kpl*(Z(ijpl)-Ragpl)
+RIkij*(Z(ij)-Raqg)))*Dx(ij)/(2.*Ntsaq)
+ (Chi * (LI kppl*(Zp(ijpl)-Lagppl)
+LI kp*(Zp(ij)-Lagp))
+onechi * (LI kpl*(Z(ijpl)-Lagpl)
+LIkij*(z(ij)-Laqg)))*Dx(ij)/(2.*Ntsaq)

Ro Ro Ro Qo Qo Ro Ro Ro

| F (KKI TER LT.51) THEN
CALL AQRHEAD(i j , NCOL, NROW NLAY, HNEW HOLD)

C THE DRYNESS CONDI TI ONS ARE CHECKED TO SET VALUES OF | TRI AL
itrial =0
IF (Zp(ij).LT.Zbot(ij)-Zdatum itrial =itrial + 10
IF (Zp(ijpl).LT.Zbot(ijpl)-Zdatum itrial = itrial + 20
| F (Hagp. LT. Zbot (ij)) itrial =itrial + 1
Crsr shoul d above be haqpl, since hagp=haqgqppl
Crsr as used in next statenent???
| F (Hagppl. LT. Zbot (ijpl)) itrial = itrial + 2
itria2 = Itrial(lcount+1,ij)
itria3 = Itrial(lcount,ij)
nodl MOD(itrial, 10)
nod2 MOD(itria2, 10)
nod3 MOD(itria3, 10)
IF (itria3.CE 30) THEN
|F (itria3.LT.80) THEN
IF (itrial.GE . 30) itrial = nodl + itria3 - nod3
ELSEIF (itrial. GE.30) THEN
itrial = npdl + itria3 - nod3 + 10

ELSE
itrial = npdl + itria3 - nod3 - 10
ENDI F
ENDI F
IF (KKITER LE.5 .OR (itrial-nodl)/10. EQ nod2 .OR
& itrial-nodl.LT.itria3-nod3) Itrial(lcount+l,ij) =

itrial
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Itrial (lcount+1,ij) = Itrial(lcount+1,ij)

& - MOD(Itrial(lcount+1,ij),10) + nodl
ENDI F
10 CONTI NUE
jti = MAXS + 1jt(i)
Qsum(ijti) = Qsun(ijti) + Q(ijpl)/ Ntsaq
20 CONTI NUE
RETURN
END
C
C
SUBROUTI NE AQFRHD( | J, NCOL, NROW NLAY, HNEW HOLD, | BOUND)
C

G --THE NEW AND OLD AQUI FER HEADS ARE USED TO | NTERPOLATE THE HEAD

C - - AT THE PRESENT BRANCH TI MESTEP (HAQ .

C
| NTEGER 1J, NCOL, NROW NLAY
DOUBLE PRECI SI ON HNEW NCOL, NROW NLAY)
REAL HOLD( NCOL, NROW NLAY)

| NTEGER |
| NCLUDE
| NCLUDE
| NCLUDE
| NCLUDE
EXTERNAL

BOUND( NCOL, NROW NLAY)
di rens. crm’
Xsinit.cm’

nodbr n. crm’
conton.cm’

AQRHEAD

REAL AVAX1
I NTRI NSI C AVAX1

Ckij = dk(1J)
| F (1 BOUND(Istrm(1,1J),Istrm(2,1J),Istrn(3,1J3)).LT.1) dKij
Ckij = dkij
Cl kpl = dkij
Ckp = AKij
C kppl = dKkij

C

****Assign values to reach transm ssivity | eakage coefficients
R kij = Rk(1J)
| F (1 BOUND(Rstrm(1,1J),Rstrm(2,1J),Rstrm(3,1J)).LT.1) RKij
Rikij = RKij
Rl kpl Rl Ki |
R kp = R Kij
R kppl = R ki |j

LIkij = LIk(IJ)
| F (1 BOUND(Lstrm(1,1J),Lstrn(2,1J),Lstrm(3,1J3)).LT.1) LIKij
LIkij = LIKij

Ll kpl = LIKij

Ll kp = LIKij

Ll kppl = LIKij
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C
CALL AQRHEAD( I J, NCOL, NROW NLAY, HNEW HOLD)
C
C--1F THE AQU FER | S BELOW THE STREAMBED, HEAD | N STREAM I S USED
G --TO CALCULATE LEAKAGE.
Haqg = AMAX1(Haq, Zbot (1J))
Hagp = AMAX1( Haqgp, Zbot (1J))
Haqpl = AMAX1(Haqpl, Zbot (1J+1))
Haqppl = AMAX1( Haqppl, Zbot (1J+1))
Haqg = Haq - Zdatum
Hagp = Haqp - Zdatum
Hagpl = Hagpl - Zdatum
Hagppl = Haqppl - Zdatum
C
c***Assing left and right cell heads in R T relationship
rag = AMAX1(raq, Zbot (1J))
ragp = AMAX1(raqgp, Zbot(1J))
raqpl = AMAX1(raqpl, Zbot (1J+1))
raqppl = AMAX1(raqgppl, Zbot (1J+1))
rag = raq - Zdatum
ragp = raqp - Zdatum
raqpl = raqgpl - Zdatum
ragppl = raqppl - Zdatum

C
|l aqg = AMAX1(I aq, Zbot (1J))
l agp = AMAXL(I| agp, Zbot (1J))
| agpl = AMAX1(I agqpl, Zbot (1J+1))
| agppl = AMAX1(I| agppl, Zbot (1J+1))
lag = laq - Zdatum
lagp = lagp - Zdatum
| agpl = | agpl - Zdatum
| agppl = | agppl - Zdatum
C
RETURN
END
C
C
SUBROUTI NE AQRHEAD( | J, NCOL, NROW NLAY, HNEW HOLD)
C

C---THE NEW AND OLD AQUI FER HEADS ARE USED TO | NTERPOLATE THE HEAD
C--- AT THE PRESENT BRANCH TI MESTEP (HAQ) .
C

| NTEGER NCCL, NLAY, NROW 1J

DOUBLE PRECI SI ON HNEW NCOL, NROW NLAY)

REAL HOLD( NCOL, NROW NLAY), hnewl, hol d1

real hnew, holdr, hnewl, holdl
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| NCLUDE '’ di mens. cmrm’
| NCLUDE ' xsinit.cm’
| NCLUDE ' nodbrn.crm’
REAL FLOAT

| NTRI NSI C FLOAT

C
hnewl = HNEWIstrnm(1,1J3),Istrm(2,1J),Istrm(3,1J))
hol d1 = HOLD(Istrm(1,1J3),Istrm(2,1J),Istrm(3,1J))
Haq = hol dl1 + FLOAT(Icount-1)*(hnewl-hol d1)/FLOAT( Nt saq)
Hagp = hol d1 + FLOAT(I count)*( hnewl- hol d1)/ FLOAT( Nt saq)
Hagpl = Hagq

c Haqppl = Haqp

c***Assign aquifer heads for R T relationship
hnewr = HNEWRstrn(1,1J),Rstrm(2,1J),Rstrm(3,1J))
hol dr = HOLD(Rstrn(1,1J),Rstrm(2,1J),Rstrm(3,1J))
Raq = holdr + FLOAT(Icount-1)*(hnew -hol dr)/FLOAT(Nt saq)
Ragp = holdr + FLOAT(Icount)*(hnew -hol dr)/FLOAT( Nt saq)
Ragpl = Raq
Ragppl = Raqgp

C
hnewl = HNEWLstrnm(1,1J),Lstrm(2,1J),Lstrm(3,1J))
hol dIl = HOLD(Lstrm(1,1J),Lstrm(2,1J),Lstrm(3,1J))
Lag = holdl + FLOAT(Icount-1)*(hnew -hol dl)/FLOAT(Nt saq)
Lagp = holdl + FLOAT(Icount)*(hnew -hol dl)/FLOAT( Nt saq)
Lagpl = Laq
Lagppl = Lagp
C
RETURN
RETURN
END

The subroutine SOLVER was modified to employ the finite difference equations developed for the
reach-transmissivity relationship instead of the vertical flow relationship.

SUBROUTI NE SOLVER( MW NSTP, | SS, | BRPRN, KKI TER, KKPER, NCOL, NROA/ NLAY,
& HNEW HOLD, | BOUND)
C
C + + + DUMW ARGUMENTS + + +
| NTEGER MMM NSTP, |SS, |BRPRN, KKITER KKPER NCOL, NROW NLAY
DOUBLE PRECI SI ON HNEW NCOL, NROW NLAY)
REAL HOLD( NCOL, NROW NLAY)
| NTEGER | BOUND( NCOL, NROW NLAY)

+ + + DUMMY ARGUMENT DEFI NI TIONS + + +
MW - Nunber of first time step to solve
NSTP - Nunber of time steps to solve

O00O0
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+ + + Argunents used in conputle MODFLOW BRANCH sinul ations + + +
| SS - Steady-state flag

| BRPRN - Print flag

KKI TER - MODFLOW i teration count

KKPER - MODFLOW stress period nunber

NCOL, NROW NLAY - Nunber of columms, rows, and | ayers in

O0O0O00000

MODFLOW gri d

C HNEW HOLD - Current and previous heads for the MODFLOWgrid
C | BOUND - Boundary array for MODFLOWgrid

C

| NCLUDE ' di nens. crm’
| NCLUDE ' dt conp. cnm’
| NCLUDE 'matri x.cm’
| NCLUDE ' branch. cnrm’
| NCLUDE ' xsinit.cm’
| NCLUDE ' cpl oop. cnm’
| NCLUDE ' nodbrn. cnrm’
| NCLUDE ' geom cmm’

| NCLUDE ' ceta.cmm’

| NCLUDE ' conton.cm’
| NCLUDE ' unt nes. cnmm’
| NCLUDE "units.cm’
| NCLUDE ' boundy. cnm’
| NCLUDE ' ndat as. crm’
| NCLUDE ' | ununs. crm’
I NCLUDE ' | ogi cs. cnm’
| NCLUDE ' bctinme.cmm’
| NCLUDE ' datine.cm’
| NCLUDE ' wi nd. cnm’

| NCLUDE ' nodal . crm’
INCLUDE 'limts.cm’
| NCLUDE ' partimcmm’

DOUBLE PRECI SI ON u( MAXS2), uu(MAXS4), bu(MXBH2), buu( MXBH4)
DOUBLE PRECI SION c1, c2, c¢3, c4, uuijpl, uuijp2, uuijp3, uuijpsd
C
C- - - CONSTANTS AND CCEFFI CI ENTS
REAL betcor, thetdx, watio, rnij, dazpij, dxij, dxiji
C
C- - - DEPENDENT VARI ABLES
REAL zij, qij, zijpl, qijpl, zplne, gplny, zplpz, gplpq
REAL zpij, qpij, zpijpl, qpijpl, zpplne, qpplmy, zpplpz, qpplpq
REAL ztenp, qtenp, bigz, bigg, ztol
C
C--- QUANTI TI ES AVERAGED | N SPACE AT CH I N TI ME STEP
REAL zavg, qavg, ravg, bavg, btavg, aavg, aavgsq, aavgcu, aavgi
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C
C - - MATRI X COEFFI Cl ENTS
REAL | anbda, signma, nu, zeta, omega, gammm, delta, epslon, det,

& al pha, tnp
C
C --VARI ABLES FOR SCREEN DI SPLAY OF EPSI LON TERMS
C REAL epl, ep2, ep3, epd, ep5, ep6, ep7, ep8, ep9
C

C---LOCAL VARI ABLES

REAL totc, totm

I NTEGER ijpl, nsmil, jpl, ij2, ij4, ijdpl, ij4p2, ij4p3, ij4p4,
ij2pl, ij2p2, i2, i4, i4pl, i4p2, i4p3, i4p4, i2pl, i2p2,
mm nnn, ibigz, jbigz, ibigq, jbigq, i, j, k, i]

LOGE CAL convrg

&
&

C
C- - - FUNCTI ONS AND ROUTI NES
REAL SETA, SETAB
| NTEGER | AR
EXTERNAL GETWND, DTPREP, ARBALL, AQFRHD, SETAB, DTOUT, DTNAP,
& TRACK, PRTPLT, DAILY, OPLOTI, |INTBC, GETBVD, GETNDF,
& EXTBC, GEMXP, OPTETA, LEAKVL, SETA, ERRSTP, DTFI LE,
& VWRTERM  AQRDRY
| NTEGER | FI X, MAD
REAL ABS, SNGL
DOUBLE PRECI SI ON DBLE
I NTRINSI C I FI X, ABS, MAD, DBLE, SNG-

C
C STATEMENT FUNCTI ON FOR LOCATI NG ELEMENTS | N CCEFFI Cl ENT MATRI X
FAR(I ,j,1i1) =1 + 1i*(j-1)
C
C --BEG N COVPUTATI ON LOOP
lcount = O
convrg = . TRUE.
M= MW
10 IF (IBRPRN. GT. 0 . AND. Khr.EQ 24 . AND. . NOT. Opl ots . AND.
| SS. EQ 0)
& VWRI TE (*, 9005) Kyr, Knp, Kda, Khr, Km
Lastn = N
|F (Lastn.GI.Nit) Lastn = Nit
Kt = Kt + 1
lcount = lcount + 1
C

C---ASSI GN W ND SPEED AND DI RECTI ON FROM Tl ME- DEPENDENT W ND | NPUT
| F (1 nwind. NE. 0) THEN
K = I FI X((Nwd-1)*Dt/Witt+1. 0001)
|F (Morewd . AND. k. GT. Nwpart) THEN
CALL GETWND( Prt nmsg)
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k =1

ENDI F
watio = ((Nwd-1)*Dt-(k-1)*Witt)/ Wit t
Wspeed = (W ndsp(k)+w atio*(W ndsp(k+1)-W ndsp(k)))*Wsfact
Wlirec = Wnddr (k) + watio*(Wnddr(k+1)-W nddr (k))
Cw = OM act *Wspeed* Wspeed
CC cw = WSDRAG* Al RDEN ( H2ODEN* G) * WSPEED* WSPEED
ENDI F
C

C -- CALL ROUTI NE TO FI LE FLOWN RESULTS FOR POST- PROCESS PLOTTI NG
| F (Luout.NE.0) CALL DTFILE
C
C - - PREPARE FOR NEXT TI ME STEP
CALL DTPREP(Kt)
C
C --WRI TE NETCDF FILE
IF (Qtfile EQ4) CALL CDFOUT
C
G --BEG N | TERATI VE | MPROVEMENT LOOP
20 DO 120 N =1, Nit

C

C - - COWUTE NEW GEQVETRY
CALL ARBALL

C

C--1STH S THE FIRST I TERATION (N=1) OF THHS TIME STEP (M ?
IF (N.EQ 1 . AND. .NOT. Modeta) THEN
| F (1 BRPRN. GT. 0) THEN
C
G --CALL DTQUT TO PRI NT FI NAL RESULTS FOR LAST TI ME STEP WHEN N EQUALS
C---ONE-- LASTN EQUALS NUMBER OF SOLUTI ONS REQUI RED I N LAST Tl ME STEP
C--(Dtprt IS .TRUE. WHEN IPROPT .EQ O, 1, 5, 6, 7, OR 8)
C --(PRINTS TI ME- STEP RESULTS WHEN | PROPT = 0, 5, OR 7; ONLY PRI NTS
C---DAILY OR FI NAL SUMVARY AS NEEDED WHEN | PROPT = 1, 6, OR 8)
IF (Dtprt .AND. (Lprtdt .OR MOD(Mldtrat).EQ 1)) THEN
CALL DTOUT(O, Lastn, Q Z, A B, Bt)
I F (Lstruc) THEN
DO 40 i = 1, Nbch
ij = MAXS - Xskt (i)
nsml = Nsec(i) - 1

DO 30 j =1, nsnl
ij =ij +1
IF (Istrm(3,ij).LT.0) Rn4(ij) = Rn(3,ij)
30 CONTI NUE
40 CONTI NUE
ENDI F

ENDI F
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C
C- - - PRI NT NONCONVERGENCE MESSAGE | F NO CONVERGENCE AND | WWOPT 0 OR 2
I'F (.NOT.convrg . AND. Iwnopt. EQ O .OR |wropt. EQ 2) THEN
convrg = . TRUE.
WRI TE (Printr,9010) Khr, Kmm, Kyr, Kno, Kda, i bigz,
j bigz,
& bi gz, 1bigq, jbigqg, bigq
C wite(*,*) ztol, qtol, zztol, qqtol
ENDI F
C
C---CALL QUTPUT ROUTI NES FOR VARI QUS OPTI ONS
IF (Ofile. EQ 3) CALL DTMVAP
I F (Ipropt. EQ9) CALL TRACK
IF (Ptplt) THEN
| F (Kt.GE MAXCZQ . OR  Khr. EQ 24) THEN
Ketine = letine + (M1)*Idtm
CALL PRTPLT
Kt =0
ENDI F
ELSElI F (Kt. CE. | dt pdy) THEN
| F (Daysum) CALL DAILY
Kt =0
I F (Oplots) THEN
Ketime = letime + (M1)*ldtm
CALL OPLOT
ENDI F
ENDI F
ENDI F
C
C--1F END OF TI ME PERI OD THEN RETURN
I F (M EQ NSTP) GOTO 140
C
C--- I NCREMENT DATE AND Tl ME FOR NEXT TI ME STEP
C Km Km + [ dtm
Ksc Ksc + Idts
Km Ksc/ 60
F (Km. GE. 60) THEN
Khr + Kmm/ 60
MOD( Knm, 60)
MOD( Ksc, 3600)

I N | T |

IFE(
Kh
Kmm
Ksc

ENDI F

| F (.NOT.(Khr.LT.24 .OR (Khr.EQ 24 .AND. Km.EQ 0))) THEN
Khr Khr - 24
Kda Kda + 1

ENDI F

| F (Kda. GT. Dypro(Knmp) ) THEN
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Kda = Kda - Dypno(Knp)
Ko = Kno + 1

ENDI F

| F (Kno. GTI. 12) THEN
Kno =1

Kyr = Kyr + 1
IF (Kyr.GrI.99) Kyr =0
Dypno(2) = 28 + (4-MOD(Kyr,4))/4
ENDI F
C
C---CALL DTOUT TO PRINT I NI TI AL CONDI TI ONS FOR START OF NEXT Tl ME STEP
C--(Noprit I'S.TRUE. WHEN | PROPT .NE. 1, 6, AND 8)
C---(ONLY CALLED WHEN | PROPT EQUALS 1, 6, OR 8)
C
I'F (.NOT. Noprit) THEN
Lastn = N - 1
IF (Lprtdt .OR MOD(M+1, Idtrat). EQ 1)
& CALL DTOUT( 1, Lastn, Qo, Zp, Ap, Bp, Bt p)
ENDI F
C
ENDI F
C
C--- COVWUTE EQUATI ON CCEFFI Cl ENTS AND CONSTRUCT COEFFI CI ENT MATRI CES
DO 80 i = 1, Nbch
ij = MAXS - Xskt (i)
nsml = Nsec(i) - 1

DO 70 j =
ipl =
] =1
ijpl =i
dxij =

dxiji =

t het dx

qij = Qi

zij = Z(i

qijpl =

zijpl = Z(ijpl)
zpij = Zp(ij)
qpij = Q(ij)
zpijpl = Zp(ijpl)
qpijpl = Qo(ijpl)

zplne = zijpl - zij
zplpz = zijpl + zij
qplmg = Q!jpl - qu
aqplpg = qijpl + qij
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zpplne = zpijpl - zpij
zpplpz = zpijpl + zpij
qpplmg = qpijpl - qpij
aeplpg = qpijpl + qpi})

dazpij = Apzpij(ijpl) - Ap(ij)
bavg = Chi hf*(Bp(ij)+Bp(ijpl)) + Chi1lhf*(B(ij)+B(ijpl))
btavg = Chihf*(Btp(ij)+Btp(ijpl)) +

Chi 1hf*(Bt(ij)+Bt(ijpl))
aavg = Chihf*(Ap(ij)+Ap(ijpl)) + Chilhf*(A(ij)+A(ijpl))
aavgi = 1.0/ aavg
aavgsq = aavgi *aavgi

ravg = Chi hf*(Rp(ij)+Rp(ijpl)) + Chilhf*(R(ij)+R(ijpl))
gavg = Chi hf *qpplpg + Chi 1hf*qplpq
zavg = Chi hf*zpplpz + Chi 1hf*zplpz + Zdatum

bet cor = (Betvel (ij)+Betvel (ijpl))*0.5
aavgcu aavgsg*aavgi *bet cor *qavg*qavg

C
C - - STRUCTURES ( PUMPS, GATES, CULVERTS) ARE | NCLUDED I N THE MATRI X OF
C- - - EQUATI ONS
IF (Istrn(3,ij).LT.0) THEN
CALL
STRUC(i j , zpi j, zpij pl, qpij, qpijpl, zij,zijpl, qgij,qijpl,
& Zdat um G, | BRPRN, KKPER, NCOL, NROW NLAY, HOLD, Z,

&
Rn(3,ij), epslon, zet a, onega, gang, al pha, del t a,
& det)
GOT0 60
ENDI F

C
C---SET FRI CTI ON CCEFFI Cl ENT FROM | NPUT CONSTANT, RELATI ON, OR TABLE
|F (Tabeta . AND. Eta(1,ij).GI.SM.VL) THEN
Rn4(ij) = SETAB(ij,zavg, gavg, aavg, ravg)
ELSE
I F (Typeta.NE. 1) Rn4(ij) = SETA(ij, zavg, qavg, aavg, ravg)
ENDI F
rnij = Rn4(ij)
C
C- --THE MATRI X COEFFI Cl ENTS LAMBDA, SIGVA, MJ, EPSLON, ZETA, OVEGA
C --GAVMA, AND DELTA ARE COWPUTED FOR BRANCH AND ALPHA FOR MODFLOW
| anmbda = dxij *Dt 2gt h*aavgi
sigma = ABS(qgavg) *rnij *rnij*dxij*Chi 2t h*aavgsq/ ravg**
& 1. 3333333
C
C---THE DRYNESS CONDI TION | S CHECKED FOR FRI CTI ON AND LEAKAGE
| F (Modfl ow) THEN
IF (1SS.NE.O) lanbda = 0.0
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C A d version of solution procedure

C********************************************************************

o Begi n nodi fi ed code.
C**********~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k~k*~k~k****************************
G --USE NEW AND OLD AQUI FER HEADS TO DETERM NE HEAD AT TH S Tl ME STEP
CALL AQFRHD(ij , NCOL, NROW NLAY, HNEW HOLD, | BOUND)
IF (ltrial(lcount+1,ij).GrI.9) sigm = sigma*Dcfnb4
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C

50

Ro Ro Ro Qo Ro

Ro Ro Ro Ro

Ro

Ro Qo Ro Ro

DO50 k = 3, 8
IF (Itrial (lcount+1,ij).GE k*10) sigma = sigm*2.0

CONTI NUE
CALL AQRDRY(ij)
al pha = dxij*Chi *( R kp+LI kp) * Thet a2i
gamma = Chi *dxij * (R kppl+LI kppl) * Thet a2i
tnp = -Dtheta*qgplng +

dxij*(Chi *( (R kp* Ragp+LI kp* Lagp)

+( R kppl*Ragppl+Ll kppl*Lagppl))

+Chi 1hf *( (Rl ki j *Rag+LI ki j *Laq)

+(R kpl*Ragpl+Ll kpl*Laqpl)))

*Thet a2i
| F (1SS. EQ 0) THEN

al pha = al pha + dxij*btavg* Twodt n* Thet ai

gamma = gamma + dxij *btavg*Dt 2t ha

delta =tnmp +
(bavg*dxij *Dt 2t ha- Chi 1hf *dxi ] *( R kpl+LI kp1)
*Theta2i)*Z(ij pl)
+ (bavg*dxij *Dt 2t ha- Chi 1hf *dxi j *( R ki j +LI ki j)
*Theta2i)*Z(ij)

ELSE

delta = tnp - Chi 1hf*dxij*Thet a2i *( (R kpl+Ll kp)*Z(ij pl)
+(RUKij+LIKij)*Z(ij))

ENDI F
ELSE

gamma = dxij *bt avg* Dt 2t ha

delta = gamma*zplpz - Dtheta*qplng +Thetai *dxij*Qat(ij)
ENDI F

mu = betcor*gavg*G nv2*aavgsq
epsl on = (| anbda- Dchi *si gnma) *qplpg- Dt het a* (nu*gqplng+zplne)
+ aavgcu*& het a*(bavg*zpplnz+dazpij)
+ Cwrbavg*Wangl e(ij) *dxi j *Thet ai *aavgi -
Dent hi *ravg*0. 5* (Rho(ij pl)-Rho(ij))
+ dxij*G heta*aavgi *Q at(ij)*Uat(ij)
zeta = lanbda + sigma + mnu
onega = | anbda + sigma - nu
det = 1.0/ (1.0-zeta*ganm)

C - - PRINT GOVERNI NG EQUATI ON TERVS AT PRI NTOUT FREQUENCY (| DTRAT)

G -- PRI NT GOVERNI NG EQUATI ON TERVS AT PRI NTOUT FREQUENCY (| DTRAT)

C --EVERY TIME STEP AT CONVERGENCE (| PROPT=5) OR FOR EVERY SOLUTI ON
C - - (| PROPT=6)

60

N. NE.

&

IF (Ipropt.EQ5 .OR Ipropt. EQ 6) THEN
IF (.NOT.(MOD(M Idtrat).NE.O .OR (lpropt.EQ5 . AND.

1))) THEN
IF (NNEQ1 .AND. i.EQ1 .AND. j.EQ 1)
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& WRI TE (Printr, 9015)
totc = Dzdt(ij) + Dgdxc(ij) - Qat(ij)
totm= Dgdt(ij) + Dgdxm{ij) + Dadx(ij) + Dzdx(ij)

& + Fric(ij) + Wnd(ij) + Dpdx(ij) + Qatn(ij)
WRI TE (Printr, 9020) Dzdt(ij), Dgdxc(ij), Qat(ij),

t ot c,
& Dadt (ij), Dgadx(ij), Dzdx(ij),
& Fric(ij), Wnd(ij), Dpdx(ij),
& Qatm(ij), totm

C---CALL ROUTINE TO FI LE EQUATI ON TERMS FOR POST- PROCESS PLOTTI NG

IF (Luterm NE. 0) CALL WRTERMi,j,ij)

ENDI F

Dzdt (ij) = btavg*Twodtn*(zpplpz-zplpz)

Dgdxc(ij) = thetdx*(qpplng+Dt het a*qgplny)

Dgdt (ij) = thetdx*lanbda*(qpplpg-qplpq)

Dgdxn(ij) = thetdx*mu*(gpplmg+Dt het a*qgplm)

Dadx (i) -G nv*dxi ji *aavgcu* (bavg*zpplne+dazpij)

Dgadx(ij) = Dadxm(ij) + Dadx(ij)

Dzdx(ij) = thetdx*(zpplne+Dtheta*zplne)

Fric(ij) = thetdx*sigma*(qgpplpg+Dchi *qgplpq)

Wnd(ij) = Cwbavg*Wangl e(ij) *aavgi

Dpdx(ij) = H2odi*(ravg*0.5)*(Rho(ijpl)-Rho(ij))*dxiji

Qatm(ij) = Qat(ij)*Uat(ij)*G nv*aavgi
C
C--- PRI NT VARI ABLES AND COEFFI Cl ENTS AT PRI NTOUT FREQUENCY (| DTRAT)
C---EVERY Tl ME STEP AT CONVERGENCE (| PROPT=7) OR FOR EVERY SOLUTI ON
C - - (| PROPT=8)

C
ELSEIF (lpropt.EQ 7 .OR Ipropt. EQ 8) THEN
IF (.NOT. (MOD(M Idtrat).NE.O .OR (lpropt.EQ 7 . AND.
N. NE.
& 1))) THEN
WRITE (Printr,9025) N, i, j, ij, jpl, ijpl
WRI TE (Printr,9030) zij, qij, zijpl, qijpl, zpij, qpij,
& zpijpl, qpijpl
VWRI TE (Printr,9030) Apzpij(ijpl), A(ij), B(ij), R(ij),
& A(ijpl), B(ijpl), R(ijpl)
VWRI TE (Printr,9030) Ap(ij), Bp(ij), Rp(ij),
Ap(ijpl),
& Bp(ijpl), Rp(ijpl)
WRI TE (Printr,9030) dxij, bavg, aavg, ravg, qavg,
& betcor, rnij, Wangle(ij)
WRI TE (Printr,9030) |anbda, sigma, nu, epslon, zeta,
& onega, gamm, delta
ENDI F
ENDI F
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C
C- - - SEGVENT MATRI X COMPUTATI ON
ij2 = (ij-1)*2

ij2pl =ij2 + 1
ij2p2 =ij2 + 2
ij4 =1j)2%2
ij4pl =ij4 + 1
ij4p2 =ij4 + 2
ij4p3 = ij4 + 3
ij4pd = ij4 + 4
12 =(i-1)*2
i4 =1i2*2
i4pl = i4 + 1
14p2 = i4 + 2
14p3 =14 + 3
i4p4 = i4 + 4
i2pl =i2 +1
i2p2 =i2 + 2
| F (Modfl ow) THEN
uu(ij4pl) = DBLE((1.0+zeta*al pha)*det)
uu(ij4p3) = DBLE((-al pha-gamm) *det)
ELSE
uu(ij4pl) = DBLE((1.0+zeta*gammm) *det)
uu(ij4p3) = DBLE((-2.0*gamm) *det)
ENDI F
uu(ij4p2) = DBLE((-onega-zeta)*det)
uu(ij4p4) = DBLE((1.0+onmega*gammm) *det)
u(ij2pl) = DBLE((epslon-zeta*delta)*det)
u(ij2p2) = DBLE((delta-epsl on*gammm) *det)

C
C- - - BRANCH MATRI X COVPUTATI ON
IF (j.GTI.1) THEN

cl buu(i 4pl)
c2 buu(i 4p2)
c3 buu(i 4p3)
c4 buu(i 4p4)
uui j pl uu(ij4pl)
uui j p2 uu(ij4p2)
uui j p3 uu(ij 4p3)
uui j p4 uu(ij 4p4)
buu(i 4pl) uui j pl*cil
buu(i 4p2) uui j pl*c2
buu(i 4p3) uui j p3*cl
buu(i 4p4) uui j p3*c2
cl = bu(i2pl)
c2 = bu(i2p2)
bu(i 2pl) uui j pl*cl + uuijp2*c2 + u(ij2pl)
bu(i 2p2) uui j p3*cl + uuijpd*c2 + u(ij2p2)

uui j p2*c3
uui j p2*c4
uui j p4*c3
uui j p4*c4

+ + + +
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ELSE

buu(i 4pl) = uu(ij4pl)
buu(i 4p2) = uu(ij4p2)
buu(i 4p3) = uu(ij 4p3)
buu(i 4p4) = uu(ij 4p4)
bu(i 2p1) = u(ij2pl)
bu(i2p2) = u(ij2p2)
ENDI F
70 CONTI NUE
80 CONTI NUE
C
G --SET UP NETWORK MATRI X AND VECTOR
Nn =1
mm = 1
DO 90 i =1, Nbch
C

C - - I NSERT BRANCH MATRI CES
nnn = 1 AR(Nn, mMm [ i)
12 =(i-1)*2
i4 =i2*2
Am(nnn) = SNG.(buu(i 4+1))
Am(nnn+li) = SNG.(buu(i 4+2))
Ar(nnn+li2) = -1.0
nnn = | AR(Nn+1, m 1)
Am(nnn) = SNG.(buu(i 4+3))
Anr(nnn+li) = SNG.(buu(i4+4))
Am(nnn+li3) = -1.0

C

G - - CONSTRUCT RI GHT SI DE VECTOR
Bmx(Nn) = SNG.(-bu(i2+1))
Bnx(Nn+1) = SNG.(-bu(i2+2))
Nn = Nn + 2
mm= mm + 4

90 CONTI NUE

C

C- - -1 NSERT BOUNDARY CONDI TI ONS FOR | NTERNAL JUNCTI ONS
CALL | NTBC

C

C - - RETRI EVE ADDI TI ONAL BOUNDARY- VALUE DATA FROM DATA BASE STORAGE
IF (N.EQ 1 . AND. . NOT. Mbdeta) THEN
| F (Morebd) THEN
k = IFIX(Nd*Dt/Dtt(1)+1.0001)
| F (k. GTI. Ndpart) THEN

CALL GETBVD
Nd = | FI X( Dt max/ Dt +0. 0001)
ENDI F
ENDI F
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C
C - - RETRI EVE ADDI TI ONAL NODAL FLOW DATA FROM DATA BASE STORAGE
I F (Mrenf) THEN
k = IFIX(Nnd*Dt/Dttn(1)+1. 0001)
I F (k. GTI. Nnpart) THEN
CALL GETNDF(Dt, Prtnsg)
Nnd = | FI X(Dt mxnf/ Dt +0. 0001)

ENDI F
ENDI F
ENDI F
C
C- - -1 NSERT BOUNDARY CONDI TI ONS FOR EXTERNAL JUNCTI ONS
CALL EXTBC
C

C - - CHECK FOR SQUARE MATRI X
|F (1i.NE. Nn-1) CALL ERRSTP(
& MATRI X NOT SQUARE: REVI EW SCHENMATI ZATI ON AND EXTERNAL B. C.
SPECI F
&l CATI ONS')
C
C- - - SOLVE EQUATI ON MATRI CES
CALL GEMXP
Ktmats = Kimats + 1
C
C- - - COWUTE | NTERMEDI ATE VALUES AT SEGVENT ENDS
Nn =1
bi gqg =
bi gz =
DO 110 i 1, Nbch
ij = MAXS - Xskt (i)
ijpl =ij +1
ztenp = Zp(ijpl)
qtenp = Qo(ijpl)
Zp(ijpl) = Bmx(Nn)
Q(ijpl) = Bmx(Nn+1)
ztol = ABS(ztenmp-Zp(ijpl))
Qol = ABS(qtenp-Q(ijpl))
o wite(*,*) ztol,bigz, qtol, bigq
| F (ztol.GT. bigz) THEN
bigz = ztol
i bi gz [
j bi gz 1
ENDI F
IF (Qol.GT. bigg) THEN

bigg = Qol

0.0
0.0
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[
1

i bi gg

j bigq
ENDI F
Nn = Nn + 4
nsmL = Nsec(i) - 1
DO 100 j =1, nsnil

ij =ij +1
ijpl =ij) +1
ij2 = (ij-1)*2
ij4 = (ij-1)*4
ztenp = Zp(ijpl)
qtenp = Qo(ijpl)
Zp(ijpl) =
SNGL(uu(ij4+1)*DBLE(Zp(ij))+uu(ij4+2)*DBLE(Qo(ij)
& )+u(ij2+1))
Q(ijpl) =
SNGL(uu(ij4+3)*DBLE(Zp(ij))+uu(ij4+4)*DBLE(Qo(ij)
& ) +u(ij 2+2))
I'F (Zp(ijpl).Gl. Za(Ipt(ijpl),ijpl)) Zp(ijpl)
& = Za(lpt(ijpl),ijpl)

IF (Zp(ijpl).LT.Za(l,ijpl)) Zp(ijpl) = Za(l,ijpl)
ztol = ABS(ztenp-Zp(ijpl))

Qol = ABS(qtenp- Q(ijpl))

I F (ztol.GT. bigz) THEN

bigz = ztol
ibigz =i
jbigz =) + 1
ENDI F
IF (Qol.GI. bigg) THEN
bigg = Qol
ibigq =i
jbigg =] +1
ENDI F
100 CONTI NUE
110 CONTI NUE

C
C - - CHECK FOR CONVERGENCE

| F (bigz. LE. Zztol .AND. bigq.LE. Qqtol) GOTO 130
C
C---CALL DTOUT TO PRI NT RESULTS FOR LAST SOLUTION | F NOT CONVERGED
C--(Noprit 1S .TRUE. WHEN | PROPT .NE. 1, 6, AND 8)

| F (.NOT. Noprit .AND. N.NE.Nit .AND.

& (Lprtdt .OR MOD(M+1, ldtrat).EQ 1))
& CALL DTOUT(1, N, Qo, Zp, Ap, Bp, Bt p)
120 CONTI NUE
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C
C--- END | TERATI VE | MPROVEMENT LOOP
| F (. NOT. Noconv) THEN
IF (lunit.EQ En) THEN

bi gz = bigz*0. 3048
bi gq = bi gg*0. 02832
ELSE
bi gz = bigz*3. 281
bi gq = bigg*35.31
ENDI F
ENDI F

convrg = . FALSE.
130 IF (ABS(Tol err). GrI. SM_.VL) THEN
CALL OPTETA
| F (Mbdeta) GOTO 20

| F (Modfl ow) CALL LEAKVL( NCOL, NROW NLAY, HNEW HOLD, | BOUND, KKI TER)

C
C - - END COVPUTATI ON LOOP
M= M+ 1
| F (M LE. NSTP) GOTO 10
140 RETURN
C
C - - | NPUT/ OUTPUT FORVAT STATEMENTS
9005 FORMAT (° SIMILATION TIME =’ ,13.2,2('/,12.2),13.2,7:",12.2)

9010 FORVAT (
& 7 *WARNI NG MAXI MUM | TERATI ONS COVPLETED W THOUT CONVERGENCE

AT’
& ,13.2,°:",12.2,° ON,13.2,2("/",12.2),5X%,’ Z-

ZP(,!|25,1’1|21’):’1
& F12.5,° QQP(',12,,,12,")=",F12.5)

9015 FORMAT (*  dZ/ dt dqQ dx q MASS TOTAL  dQ dt
& ' d(Q*QA)/dx  dz/dx St Sw dp/ dx qu
&, MOM TOTAL’ )

9020 FORMAT (12E11.5E1)

9025 FORMAT (1X, 8l 16)

9030 FORMAT (1X, 8E16. 8)
END

Finaly, two of the BRANCH' common files containing variable type declarations, MOD-

BRN.CMN and XSINIT.CMN, had to be modified to include the additional variables needed for the
previous subroutines.
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C- - Begi n nodbrn. cmm

c**** Modified to include reach transm ssivity paraneters
MAXS = MAX NO. OF | NPUT CROSS SECTI ONS

MXIN = MAX NO. OF JUNCTI ONS I N NETWORK

100 = MAX NO. OF BRANCH TI ME STEPS I N ONE MODFLOW TI ME STEP

O000

REAL QLSUM MAXS+MXJN), HAQ HAQP, HAQPLl, HAQPP1, CLKIJ, CLKP
& raq, raqp, ragpl, ragppl, rlkij, rlkp, rlkpl, rlkppl
laq, laqgp, laqgqpl, laqppl, Ilkij, I'lkp, Ilkpl, IIkppl,
CLKP1, CLKPP1, rlsum maxs+nmxjn), || sum maxs+nkj n)
| NTEGER | COUNT, NTSAQ | TRI AL(100, MAXS)
COWON / MODBRN QLSUM HAQ HAQP, HAQPLl, HAQPP1, CLKIJ, CLKP,
CLKP1, CLKPP1, rlsum Ilsum
raq, raqp, raqpl, raqppl, rlkij, rlkp, rlkpl, rlkppl
laq, laqp, lagpl, laqgppl, Ilkij, Ilkp, I'lkpl, |Ilkppl,
| TRI AL, 1 COUNT, NTSAQ

&
&

Ro Ro Qo Qo

SAVE / MODBRN/
C- - End nodbrn. cmm

C--Begin xsinit.cm

C MAXS = MAX NO. OF | NPUT CROSS SECTI ONS

C

c**** Modified to include reach transm ssivity paraneters
REAL Dx( MAXS), T(MAXS), Rn(3, MAXS), Wangl e( MAXS), GCdat un{MAXS),
& Oient(MAXS), Betvel (MAXS), Rho(MAXS), Q at(MAXS),

Ul at ( MAXS)
REAL Dzdt (MAXS), Dgdxc(MAXS), Dqgdt(MAXS), Dgdxm( MAXS), Dadx(MAXS),

& Dgadx( MAXS), Dzdx(MAXS), Fric(MAXS), W nd(MAXS),

Dpdx( MAXS) ,
& Q at m( MAXS), Suneta( MAXS), Suntzq( MAXS), Sczgsq(MAXS),
&

Szqget a( MAXS) , A k( MAXS) , Zbot ( MAXS) , Rn4( MAXS) , LI k( MAXS) , Rl k( MAXS)
| NTEGER I strm(3, MAXS), Lstrm( 3, MAXS), Rst rm( 3, MAXS)
COMVON / XSINI T/ Dx, T, Rn, Rn4, Wangle, Gdatum Oient, Betvel,

& Rho, Qat, Uat, Sumeta, Suntzq, Sczgsd,
Szqet a,

& Rstrm Dzdt, Dgdxc, Dgdt, Dgdxm Dadx, Dgadx, Dzdx,
Fric,

& Lstrm Wnd, Dpdx, Qatm dk, Zbot, Istrm Rk, LIk

SAVE / XSI NI T/
C--End xsinit.cmm
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